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Abstract: Occasional case reports have described isolated cases of con-
ducted electricalweapon (CEW) probes piercing the human skull. In an ex-
perimental setting, we examined whether these cases were just unfortunate
incidents, how deeply such probes can pierce the skull, and whether firing
distance and CEW probe type play a role in the skull-piercing capability.
We fired 5 different CEW cartridges (XP 10.6 m, XP 7.6 m, smart
10.6 m, smart 7.6 m, and smart probe 7.6 m) from 4 different distances
(0.5, 1, 2, and 4m) at head phantomsmade of either 5- or 7-mm-thick poly-
urethane spheres covered with a thin layer of gelatine and buckskin. The
piercing depths were recorded by computed tomographic scanning.
All tested cartridges managed to pierce the head phantoms. Piercing
depths of up to 6.6 mm in the 5-mm heads and depths of almost 5 mm in
the 7-mm heads were recorded. Deepest piercing depths were attained with
firing distances of 2 m or less.
Our results showed that all testedCEWprobes are capable of piercing the
skull and that shorter firing distances tend to lead to deeper piercing depths.
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C onducted electrical weapons (CEWs) such as the X2 and theX26 from TASER International Inc. (Scottsdale, Ariz) have
been increasingly introduced to police forces worldwide.
Most CEW devices used in Central and Western Europe are
either X26 or the newer X2 TASER guns. These weapons are
loaded with cartridges containing 2 probes on a long wire, which
are propelled by nitrogen gas. There are several cartridges in use;
the main difference is that the flight angle of the 2 probes differs
between the short-range 7.6-m cartridges and the long-range
10.6-m cartridges and the probe itself. Today, the new “smart”
and “smart probe” (SP) containing cartridges are generally used,
as the older XP probes are not produced any more.
The possibility of these devices causing death due to fatal car-
diac arrhythmias has been discussed controversially in the literature;
several authors have argued that CEWs are capable of and have
caused death,1–6 whereas other authors have claimed that the risk
of serious injury or death is extremely unlikely after CEW use.7–10
Animal experiments have suggested that serious cardiac events
due to CEW exposure are—in the worst case—very rare,11–13 and
analysis of the blood after CEWexposition in swine and humans
showed no alarming changes to blood chemistry, especially re-
garding creatinine kinase and acidosis.14–16
However, this does not apply to the mechanical dangers
CEW can have on humans. Besides the obvious, namely, serious
or fatal fall injuries of subjects briefly incapacitated by the CEW
charge,17,18 there is the danger of ignition of highly combustible
or explosive fumes byCEW19,20 and of penetrating ocular injuries.21–29
These ocular injuries often result in permanent loss of sight due to
persisting eye damage or the necessity of enucleation. Kunz et al30
examined the piercing capacity of the TASER eXtended Range
Projectile on ballistic soap and noted penetration depths of up to
4.2 cm. Cadaver testing of the eXtended Range Projectile, which
is not produced anymore since 2012, showed no fracturing of the
ribs, lung or aortic lacerations, and one instance of abdominal cav-
ity piercing in 43 given shots.31
Another, rare CEW-induced injury is cranial penetration by a
probe. Le Blanc-Louvry et al,32 Chandler et al,33 and Rehman
et al34 all describe frontal bone penetrations of TASER barbs in
young men aged 16 to 27 years. In each case, the barbs were subse-
quently removed without neurologic sequelae, although Rehman
et al did report that the victim had a brief period of unconsciousness
after sustaining the injury. Le Blanc-Louvry et al described the
weapon used as a TASERX26, whereas Chandler et al andRehman
et al simply state that the weapon was a TASER.
The question therefore arises whether these skull penetra-
tions are just unfortunate single incidents or whether CEW probes
are generally capable of piercing the human skull, and if so, which
CEW probe—the XP or the new SP—is most likely to pierce the
skull and how deeply, and whether the firing distance plays a role
in the piercing capacity. To answer these questions, we performed
the following study on human skull simulants covered with syn-
thetic skin and soft tissue.
MATERIALS AND METHODS
Head Phantoms
According toMoreira-Gonzalez et al,35 the human skull thick-
ness ranges from 5.3 to 7.5 mm. For this reason, we chose hollow
spheres made of polyurethane coated with silicone with 5- and 7-mm
wall thickness (PR0112.G: generic sphere, 5 mm; PR0110.G: generic
sphere, 7mm; SynboneAG,Malans, Switzerland) as skull simulants.
We decided to use spheres instead of polyurethane sheets, as the
curvature, which might influence the stability of the material,
was similar to the human forehead, which of course is not the case
in a flat sheet. Furthermore, the used polyurethane spheres have
proven to be reliable skull models in the past.36–41 These skull
simulants were covered by a 5-mm-thick layer made from 20%
wt/wt ordinance gelatin (Type 3 Photographic Grade; GELITA
AG, Eberbach, Germany) as described previously42 as a soft tissue
simulant. The synthetic skull and the soft tissue simulant were then
wrapped in buckskin (Jumbo-Markt AG, Dietikon, Switzerland),
taking great care to present the side facing the shooter without folds.
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FIGURE 1. Comparison of the older XP probe on the left and the new SP on the right. Note the 14-mm-long tip of the XP probe with
only one barb compared with the slightly shorter (11.5 mm) tip of the 2-barbed SP. Figure 1 can be viewed online in color at www.
amjforensicmedicine.com.
FIGURE 2. Phantom after being hit by 2 SPs fired from an X2 CEW. After firing, all stuck probes were numbered and left in place for
subsequent CT scanning. In this case, the upper probe of shot number 11 was counted. Figure 2 can be viewed online in color at www.
amjforensicmedicine.com.
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Firing
The head simulants were fired at from a distance of 0.5, 1, 2,
and 4 m with an X26 CEW loaded with XP 7.6 m and XP 10.6 m,
and an X2 CEW loaded with smart 7.6 m, smart 10.6 m, and SP
7.6 m. Details of the used probes are shown in Figure 1.
Only centrally located hits to the middle portion of the head
simulant facing the shooter were counted (Figs. 2, 3). XP 7.6 m and
XP 10.6mwere fired twice per distance unit at the 5-mmheads and
once at the 7-mm heads, and smart and SPswere fired once per dis-
tance unit. Glancing hits were not considered. A total of 48 shots
were included. Eight XP 10.6 m probes and 8 XP 7.6 m probes
were fired at the 5-mm heads, and 4 of these cartridges were fired
at the 5- and 7-mm heads each. Four smart 10.6 m, smart 7.6 m,
and SP 7.6 m probes were fired each at 5- and 7-mm heads.
Data Acquisition
All the heads with the probes still stuck then underwent com-
puted tomographic (CT) scanning. Computed tomography was
performed with a 128-slice dual-source multidetector row scanner
(SomatomDefinition Flash; Siemens Healthcare, Erlangen, Germany)
at 140 kVusing a tube current time product of 1200 mAs, a slice
collimation of 0.6 mm, a rotation time of 1 second, and an spiral
pitch factor of 0.35 mm. The length of the probe tip within the
sphere cavity was then measured.
RESULTS
Piercing Capability
Fired at 5-mm heads, 2 of the 28 probes failed to pierce the
skull, namely, 1 XP 7.6 m at 0.5-m distance and 1 XP 10.6 m at
4-m distance. All the probes fired with the smart cartridges pierced
the 5-mm skulls. The tip of the XP 7.6 m, which failed to pierce the
5-mm head at 0.5-m firing distance, was bent within the polyure-
thanewall of the skull; thus, although the entire tip of the probe pen-
etrated the skull, it could not pierce into the cranial cavity. Several of
themore deeply penetrating probes, especially the SP 7.6m, created
minuscule polyurethane fragments when piercing the skull.
FIGURE 3. Computed tomographic scan of a 5-mm head phantom
showing a piercing SP. Note the thin buckskin enveloping the
polyurethane sphere (yellow arrow) and the thin gelatin layer
(red arrow). The round structure to the left of the image is a
nitroglycerin capsule, whichwas placed on the phantom to facilitate
orientation when regarding the CT images. Figure 3 can be
viewed online in color at www.amjforensicmedicine.com.
FIGURE 4. Graphs showing the penetration depth compared with the firing distance of X26 CEW ammunition in 5- and 7-mm head
phantoms. Figure 4 can be viewed online in color at www.amjforensicmedicine.com.
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The 7-mm heads proved to bemore piercing resistant: 4 of 20
probes failed to pierce these skulls; 1 smart 7.6 m at 1-m and at 4-m
firing distance, 1 smart 10.6m, 1 SP 7.6m, and 1XP 7.6m could not
penetrate the cranial cavity.
Maximum Piercing Depth
The deepest penetration depths of 5-mm heads ranged be-
tween 5.1 mm (SP 7.6 m) and 6.6 mm (XP 10.6 m at 0.5-m firing
distance; Figs. 4, 5). Seven-millimeter heads, again, prevented
very deep piercing; the maximumpenetration depth of these heads
was—depending on the cartridges used—between 3.9mm (SP 7.6m
at 2 m) and 4.8 mm (XP 7.6 m at 0.5 m).
Firing Distance Influence on Piercing Depth
Of the 5 cartridges tested on 5-mm heads, 3 pierced most
deeply at 2-m firing distance (Table 1), whereas 4 pierced least
deeply at 4 m. At 1-m firing distance, 3 of 5 cartridges pierced
second-most deeply.
LIMITATIONS
Onemajor point of discussion is the choice of the experimen-
tal material, namely, the polyurethane skulls. Although these syn-
thetic skulls, or rather spheres, differ from real skulls in their shape
and material, they have been used successfully as simulants for
human skulls in numerous experiments in the past.36–41 In these
tests, in which the skulls were compared with real human skulls,
the synthetic skulls demonstrated comparable properties with re-
gard to damage in ballistic experiments. These past, validated ex-
periments suggest that the sturdiness of our synthetic skulls is
comparable with that of real human skulls and therefore serves
as a viable simulant for the penetration of CEW probes. Another
aspect this study could not address was whether the probes could
have penetrated the dura mater after having pierced the skull.
DISCUSSION
Our results showed that all tested cartridges and probes,
namely, the XP 10.6 m, the XP 7.6 m, the smart 10.6 m, the smart
7.6 m, and the SP 7.6 m were capable of piercing the synthetic
skull covered with soft tissue and skin simulant.
FIGURE5. Graphs showing the penetration depth comparedwith the firing distance of X2CEWammunition in 5- and 7-mmheadphantoms.
Figure 5 can be viewed online in color at www.amjforensicmedicine.com.
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The possibility of piercing real human skulls is, as occasional
case reports have implied in the past, very real. Our results regard-
ing the 7-mm head simulant imply that even the relatively thick
occiput may be pierced in real cases.
All ammunition types achieved piercing depths of 5 mm or
more in 5-mm heads, but only the XP 7.6 m probes reached a
maximum of 4.8 mm when fired at the 7-mm heads. The smart
7.6 mmanaged to pierce almost 4 mm into the synthetic skull cav-
ity, whereas the other probe types presented piercing depths of less
than 3 mm.
There seems to be a certain correlation between the firing
distance and the penetration depth; the deepest piercing depths
were generally achieved at firing distances of 2 m or less.
There also seems to be a certain influence of the thickness of
the skull; although the XP 10.6 m pierced most deeply in 5-mm
heads, these probes performed rather poorly compared with XP
7.6 m and smart 7.6 m fired at 7-mm heads. The reason for this
is unclear, as the shape of the probe is the same in XP 10.6 m,
XP 7.6 m, and the smart 10.6 m and 7.6 m cartridges.
In summary, our results—although based on a too small
amount of tests to perform exhausting statistical analyses—imply
that (a) all tested CEW probes are capable of piercing the synthetic
skull and that (b) shorter firing distances tend to lead to deeper
piercing depths.
The observed piercing depths of the probes would—in real
situations—only give rise to tiny injuries of the dura and piamater,
and the superficial cerebral cortex. These lesions should not lead
to grievous harm or permanent damage to the brain. However,
in the very unlikely but nevertheless possible situation in which
a blood vessel, for example, a middle meningeal artery or a
bridging vein, is harmed by the probe, a life-threatening epidural
hematoma may occur. Furthermore, because the lesion repre-
sents an open craniocerebral trauma, there is a slight but never-
theless possible risk of a potentially lethal cerebral infection.
The minuscule fragments seen occasionally were so small that
further damage to the brain or its covering layers can be excluded
beyond reasonable doubt.
CONCLUSIONS
Conducted electrical weapon probes may pierce the human
skull, even in the region of the relatively thick occiput, especially
when fired at distances of 2 m or less. However, the likelihood of
severe, life-threatening harm due to the piercing of the skull by the
probes is severe, and that of life-threatening harm due to the pierc-
ing of the skull by the probes is probably very small and only to be
expected in the very unlikely case of vascular damage with epidu-
ral hematoma formation or cerebral infection.
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